T he fi rst attempts at meniscal repair are nearly as old as those for meniscectomy. However, technical diffi culties, as well as the poor ability of meniscal tissue to heal, have limited the usage of repair techniques over time.
In recent years, the introduction of the all-inside meniscus repair technique has made the procedure easy, and as a consequence its use has increased. Several devices such as arrows, darts, screws, and fasteners have been progressively introduced; however, they are not biomechanically superior to mattress sutures. 1 The latest generation of all-inside devices combines the use of bioabsorbable materials and stitches in such a way that its fi nal pullout strength is closer to the conventional suture. The FasT-Fix Meniscal Repair System (Smith & Nephew, Andover, Massachusetts) consists of two 5-mm polymer anchors with a braided #0 nonabsorbable suture with a pretensed knot. 2 As the meniscus heals poorly, except on its most peripheral part, stimulation of revascularization at the lesion site is one of the most critical factors to obtain a good meniscal repair outcome in ruptures situated in the avascular area. For that reason, mechanical abrasion, 3, 4 trephination, 5 or adding a fi brin clot 6, 7 has shown a reasonable degree of success over the past decade.
High frequency or radiofrequency was fi rst introduced for meniscal tissue ablation as an excision tool with good results. In this experimental work, using rabbits as a model, radiofrequency produced a line of necrosis of approximately 30 microns followed by a zone of hypercelullarity. 8 Those changes progressively disappeared, and the treated meniscus resembled a normal one on histological examination at the end of 6 months. Later, Miller et al 9 and Bert et al 10 confi rmed this histological response in human menisci exposed to radiofrequency. This suggests that meniscal tissue histology returns to normality 6 months after being exposed to radiofrequency. [8] [9] [10] The use of thermal energy promotes the activation of a cellular response and consequently meniscal healing. In 1998, Pavlovich 11 reported the fi rst 4 cases of meniscal repair with the use of radiofrequency instead of meniscal rasping. Second-look arthroscopies showed all the menisci to be healed. In 2001, in an experimental work, Lopez et al 12 suggested that monopolar radiofrequency application on lacerated menisci may stabilize the tear by fusing collagenous tissue in the surrounding area and thereby prevent the propagation of the tear along tissue lines. More recently, Hatayama et al 13 confi rmed the same effect; furthermore, they were able to demonstrate that radiofrequency caused fi broblast proliferation at 2 weeks after treatment and that the acellular or necrotic area was completely repopulated at 12 weeks. Therefore, it seems that exposing meniscal tissue to radiofrequency follows a predictable pattern of damage and recovery, characterized by the capacity for fi broblast proliferation during this recovery period and, fi nally, a return to the normal anatomy and histol-■ the cutting edge ogy in a range of 6 to 12 weeks. The synovial tissue has been identifi ed as the main actor in this particular repair process. It has a "tidal effect," fi rst invading and eventually retiring from the spot to leave normal and healthy tissue behind. 14, 15 The present study evaluates the clinical and functional results of an arthroscopic suture done with the FasT-Fix system in combination with healing biostimulation of a chronic meniscal lesion with radiofrequency. Our hypothesis was that this combination would result in a healing rate similar to FasT-Fix in combination with already standard stimulation procedures.
MATERIALS AND METHODS
A prospective study was carried out on a series 43 patients with a meniscus injury that was operated on over a 3-year period. The study group comprised 34 men (72.7%) and 9 women (27.3%) with an average age of 29.8 years.
The inclusion criterion was a total rupture of the meniscal tissue Ͼ10 mm in length (average, 25 mm; range, 10-45 mm) in either the red-white or whitewhite zone. All the tears were considered chronic, defi ned as Ͼ3 weeks old (range, 3 weeks to 2 years), as the patients came mainly from a waiting list of a public hospital. Those cases with chondral injuries requiring repair procedures that violate the subchondral bone were excluded. All the patients had had meniscal repair using the FasT-Fix suturing system with radiofrequency applied at the margins of the lesion. showed a bucket handle tear. There was 1 case of a discoid meniscus with a radial rupture in the meniscal body associated with a bucket handle tear. In the aforementioned case, a combination of a partial meniscectomy and 1 horizontal stitch was used. The average number of sutures used for the repair was 2.3 (range, 1-5).
Fourteen patients (32.5%) had a tear of the anterior cruciate ligament (ACL) that was reconstructed with an autologous quadruple soft tissue graft at the same time as the meniscal repair. Knowing the possible effects of the blood-derived products provided by the bone tunnels on the meniscal healing, this particular group was studied and its results compared with the rest of the series.
Surgical Technique
Standard anterolateral and anteromedial arthroscopic portals were performed. After a complete arthroscopic assessment of the meniscal tear, the tear margins and adjacent synovial tissue were debrided and stimulated with the Serfas Energy Radiofrequency Ablation System (Stryker, Mahwah, New Jersey) to induce a healing response. According to Pavlovich, 15 several centripetal movements from the adjacent synovial tissue to the tear site, including both lips of the tear, were performed. The mode of the Serfas was set on coagulation and the output potency was 4/10. Then the meniscal suture was done following the recommended standard technique for the FasT-Fix system. 2 The suturing device was inserted in such a way that a maximum perpendicular approach to the tear was obtained. Either an ipsilateral or contralateral standard portal was used to the aforementioned end. A vertical suture was placed every 5 to 10 mm to obtain good fi xation. In some instances, a horizontal suture was placed behind the meniscus to increase the stability of the construct. Neither mechanical abrasion, nor trephination, nor any procedure aimed to increase the vascular supply of the ruptured meniscus was performed.
Rehabilitation
All patients followed the same strict rehabilitation protocol. The protocol was designed to promptly reestablish full extension and quadriceps activation. It permitted proprioceptive weight bearing and continuous passive movement from 0Њ to 90Њ over the fi rst 3 weeks and progressed to full weight bearing and full fl exion at approximately 6 weeks. Running was permitted from 12 weeks. A return to full activity was allowed at approximately 4 months.
Evaluation
All patients were evaluated using the Lysholm functional scale and the subjective scale of the International Knee Documentation Committee (IKDC). A postoperative improvement of the Lysholm score of Ͼ10 points was considered clinically relevant.
The meniscal repair was considered a failure when there was joint line pain during light or normal activities of daily living, a positive McMurray sign, or persistent knee locking or swelling requiring subsequent surgical procedures on the repaired meniscus. 16 All patients were preoperatively evaluated with Rosenberg view radiographs and magnetic resonance imaging (MRI). Radiographic assessment was scheduled at 12-month followup. Postoperative MRI was done on 26 patients (63.4%).
Statistical Analysis
To analyze the extent of improvement of the Lysholm score as well as the IKDC, the obtained data were tested using the Student t test for paired data. The level of signifi cance was set at PϽ.05.
RESULTS
Forty-one patients (32 men and 9 women) with an average age of 29.8 years were postoperatively evaluated at an average of 26.1 months (range, 18-47 months). Two patients were lost to fi nal follow-up.
The subjective IKDC score was excellent (90-100) in 23 patients (56.1%), good (89-90) in 14 patients (34.1%), and fair (70-79) or bad (Ͻ70) in 4 pa-■ the cutting edge tients each (9.8%). The number of patients with positive fi ndings in each of the parameters is shown in the Table. Overall, a postoperative knee function average of 86.37 was achieved on the IKDC subjective scale.
Statistically, both the subjective IKDC and the Lysholm scores improved. The IKDC scores averaged 59 preoperatively and 92 postoperatively (PϽ.009). The Lysholm scores averaged 60.9 preoperatively and 91.96 postoperatively (PϽ.008). According to the clinical evaluation, the success rate was 90% in the whole series.
No changes were seen in the Rosenberg view at fi nal follow-up according to Ahlback's criteria when compared to the preoperative radiological examination. With respect to the MRIs, the repaired site can always be recognized by an altered signal. It was a constant fi nding in this series, particularly in the posterior horn of the medial meniscus (Figures 1, 2) . One may wonder if it corresponds to what Scott et al 17 refers to as a partial healing or a lack of sensitivity of the MRI when dealing with immature scar tissue.
Six patients (18%) underwent second-look arthroscopies for different reasons. Three of them showed no meniscal pathology and the sutured rupture had healed. They consisted of 1 extension loss after combined ACL reconstruction, 1 unconfi rmed suspicion of postoperative septic arthritis, and 1 case of knee stiffness in a medial meniscus bucket handle tear that needed 5 stitches to be properly fi xed. All 3 cases were operated on within 6 months after index surgery. A failure of the suture and a rerupturing was encountered in the rest. In 2 of them, a partial meniscectomy had to be performed, while resuturing was possible in 1 case and the patient did well afterwards.
Four patient results (9.7%) were considered to be failures at the time of the fi nal evaluation, the 2 previously meniscectomized and 2 more with a symptomatic knee. All of them had joint line pain and/or effusion on carrying out activities of daily living or moderate physical activity. Only 1 patient had a positive McMurray sign, and none had knee locks.
In an effort to identify factors that might infl uence the results, we specifi cally compared the failures obtained in the ACL reconstruction subgroup of 14 patients (1 failure, 92.9% success rate) with the rest of the series (29 patients) where meniscal repair was done alone (3 failures, 89.7% success rate). However, no statistical differences were found (PϽ.832).
As far as intra-and postoperative complications, 2 cases of subcutaneous granuloma were registered in the place corresponding to a stitch, 1 of which required its withdrawal through a mini-incision. One case of a failed intraoperative suture re- 
DISCUSSION
The healing process of the meniscal tissue in the avascular area has not been fully understood. It seems to consist of the proliferation of fi brous connective tissue that eventually modulates into fi brocartilaginous tissue at the tear site. 18 The repairing fi broblastic cells seem to originate both from the superfi cial layer of the injured meniscus 19 as well as from the adjacent synovium. 20 This particular tissue contains cells that may have the ability to convert from synoviocytes to fi brocytes, and so its contribution to the healing process may be crucial. 3, 20 Finally, the scar tissue undergoes a maturation process over a long period of time, probably modulated by the compression forces the meniscus withstands.
It is widely accepted that meniscal injuries older than 3 weeks and/or situated in an avascular area (Ͼ3 mm from the meniscus-synovial junction) do not heal spontaneously. [3] [4] [5] [6] 20 Over the past 20 years, several additional techniques have been introduced to promote meniscal healing in these circumstances. Thus, when dealing with either a chronic or an avascular meniscal injury, current knowledge accepts that promoting meniscal healing is as important as achieving mechanical stability of the tear. [3] [4] [5] [6] [7] The all-inside technique has become popular since its introduction, and its use has extended due to the advantages of the procedure and its ease of use. However, clinical outcomes of the different meniscal repair devices vary considerably, ranging from 57% to 100%. 21 Recently, third-generation all-inside devices for meniscal repair have overcome the problems and complications of the fi rst generation. Their biomechanical properties compare favorably to the gold standard mattress sutures and show greater strength over earlier generations of meniscal repair devices. 22, 23 Some studies have recently demonstrated excellent results with of FasT-Fix, one of the third-generation meniscal repair devices, when combined with appropriate stimulation of the rupture site. The success rate was approximately 90%. [23] [24] [25] [26] Although the conventional mattress suture has remained the gold standard in biomechanical terms, various studies have demonstrated that FasTFix shows rigidity, strength, and resistance to cyclical or constant loading similar to resistant sutures and is superior to other fi xation methods. [27] [28] [29] The present study shows that good clinical results can also be achieved with chronic avascular meniscal tears with the combination of the FasTFix system and radiofrequency used as a healing biostimulation tool at mid-term follow-up.
Scott et al 17 were the fi rst to propose meniscal abrasion as a crucial measure to induce healing in areas were the vascular supply is not guaranteed. Other procedures like trephination or the introduction of a fi brin clot have been shown to improve the healing rates in avascular injuries and hence increase the indications for repair. 3 However, some authors have suggested that the distance from the meniscus periphery to the defect is too great for abrasion therapy to suffi ciently stimulate cellular ingrowths enough to facilitate repair of tears in the avascular region. 20 On the other hand, trephination has been criticized for destroying the meniscal collagen net ultrastructure and thus the functional ability of the meniscus to withstand compressive forces.
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A high-frequency or radiofrequency current is an alternating electrical current that has a frequency of у10,000 cycles per second. Although radiofrequency had been used in surgical procedures for years, Schosheim and Caspari 8 fi rst described the in vivo effects of electrosurgical radiofrequency meniscectomy. At 2 weeks, microscopic examination showed a necrotic zone of 0.05 to 0.15 mm followed by a hypercelullar zone and normal tissue. All these changes evolved over a 3-month period and fi nally returned to normal by 6 months. 8 Some years later, Miller et al 9 reported on the acute histological effects of radiofrequency meniscectomy in human beings. They found an average thermal damage depth of 0.29 mm. Two patients had a biopsy at 7 and 21 months after index surgery, and the menisci at the surgical sites were found to be histologically indistinguishable from normal tissue. 9 More recently, Bert 10 reported on a large series of Ͼ900 radiofrequency meniscectomies.
The histological results of his investigation again supported Schosheim and Caspari's 8 fi ndings in the sense that the menisci are able to sustain acute thermal damage and normalize their histology in approximately 6 months. 10 The effects of radiofrequency on some other soft tissues have also been evaluated. Lopez et al 30 demonstrated that joint capsular tissues showed collagen fusion and pyknosis of fi crochondrocyte nuclei when exposed to radiofrequency. In a subsequent study, the same group speculated that these same effects can be extrapolated to cover meniscal healing in an ovine model. They found that monopolar radiofrequency was able to stabilize a meniscal tear by fusing collagenous tissue in the surrounding area and thus prevent the propagation of the tear along tissue lines. 12 Iñigo-Pavlovich's 31 study on 32 Barbados sheep demonstrated that the exposure of meniscal tissue to radiofrequency at 40 watts created a transition zone between the necrotic and the living tissue. After 12 weeks, meniscus histology had returned to normality as seen in hematoxylin-eosin stains. The surgically created tears in meniscal avascular areas completely healed. Therefore, and in accordance with previous observations, the meniscal tissue submitted to radiofrequency was found to have gone through a process of necrosis and subsequent recovery. The involvement of synovial tissue in this process was clearly noted. 31 More recently, 13 investigated the histological changes that radiofrequency prompted when applied to a meniscal repair in a rabbit model. They found that fi broblasts extended from the parameniscal synovium on the femoral surface and invaded the acellular area of the meniscus. These fi ndings again suggest that the synovium might contribute to repopulation of the radiofrequency-treated meniscal tears. Therefore, the effects of radiofrequency on meniscal tears may not only be the fusion of collagen fi bers but the stimulation of a synovium healing response via activation of fi broblast proliferation and migration.
One concern when using radiofrequency is its possible collateral effects on the hyaline cartilage. Some studies suggest that cartilage can be damaged by radiofrequency thermal energy and that this injury worsens over time. 32, 33 Whereas osteonecrosis has been reported as a direct consequence of the use of radiofrequency, 34 it has been shown that this complication may occur spontaneously in a symptomatic medial meniscus degenerative tear without arthroscopic surgery. 35 Recently, it has been suggested that some of the previously reported problems, such as chondrocyte death, associated with radiofrequency might be related to the high joint fl uid temperatures reached during arthroscopy. However, this collateral effect can be overcome by maintaining an adequate fl uid fl ow rate to lower joint fl uid temperatures. 36 Analysis of the current results through the clinical evaluation of the patient may not appear to be as reliable as evaluation with MRI or arthroscopic examination. However, studies demonstrate that a good clinical evaluation is a trustworthy way of evaluating the status of a meniscus repair, 16, 36 and even that MRI examinations are not superior to accurate clinical examinations. 27 The main limitation of this study was the lack of a comparative series in which other current treatments were used. However, we feel that our previous experience using FasTFix in combination with mechanical abrasion (unpublished data) as well as the substantial current literature on the same issue is a good standard for comparison. Furthermore, the fact that the subgroup of ACL simultaneous reconstruction has the same failure rate as the isolated meniscal repair group suggests that radiofrequency itself is the main factor in promoting meniscal healing.
CONCLUSION
The reported hypercellular response in meniscal tissues seen within a few weeks after radiofrequency meniscectomy [8] [9] [10] [11] [12] [13] suggests that the meniscal tissue may repair itself when exposed to this technology. The present study shows that the combination of an all-inside suture with radiofrequency stimulation can obtain the same success rate in terms of healing as the combination with other current methods. Therefore, we believe that radiofrequency is a promising application as a promoter of the meniscus healing response that warrants further investigation.
